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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a combustion 
control device for an internal combustion engine capable 
of expanding an operating range by compressed self- 
ignition combustion to a high load side and a low load 
side. 

SOLUTION: An ECU 1 calculates request load T and 
engine speed N based on an accelerator opening signal 
and a crank angle sensor signal. Based on this 
calculated result, whether a combustion pattern is spark 
ignition combustion or self-ignition combustion is decided 
by a combustion pattern deciding part 2. When the 
combustion pattern is decided as self-ignition 
combustion, a self- ignition combustion control part 4 
selects a first four-stroke cycle operation constituted of 

intake stroke, compression stroke, expansion stroke and exhaust stroke and a second four- 
stroke cycle operation which is constituted of intake compression stroke, expansion stroke, 
compression stroke and expansion exhaust stroke and performs combustion two times during 
a four-stroke cycle. A cycle switching control part 5 controls a variable valve timing 
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mechanism 19 and realizes intake/exhaust valve timing for the first or second four-stroke 
cycle. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

I .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the combustion control system 
of the internal combustion engine which made adjustable composition of the distance in 1 cycle of 
compressed self-ignition combustion in the intemal combustion engine which can switch jump-spark- 
ignition combustion and compressed self-ignition combustion according to a service condition. 
[0002] 

[Description of the Prior Art] In order to improve the thermal efficiency of a gasoline engine, while 
reducing a pumping loss by RIN-izing a gaseous mixture, the technique of enlarging the ratio of specific 
beat of working medium, and improving a theoretical thermal efficiency is known. However, with the 
conventional jump-spark-ignition engine, if an air-fuel ratio is made into RIN, a combustion period will 
delay and combustion stability will get worse. For this reason, there is a limitation in RIN-ization of an 
air-fiiel ratio. 

[0003] It considers as the conventional technology which RIN-izes an air-fuel ratio, avoiding 
aggravation of such combustion stability, and the cycle engine which premixing compressed self- 
ignition combustion is made to cause as it is in JP,7-71279,A is indicated like 2 line. In premixing 
compressed self-ignition combustion, since a combustion reaction occurs firom two or more positions of 
a combustion chamber, when an air- fuel ratio RIN-izes, the combustion stabilized also in the RIN air- 
fuel ratio is attained, without a combustion period delaying compared with jump spark ignition. 
Moreover, since an air- fuel ratio is RIN, combustion temperature falls, and NOx can also be reduced 
sharply. 

[0004] Moreover, the cycle operation engine of port injection is indicated by JP,10-25251 1,A like 6 line 
as 2nd conventional example. In the 2nd conventional example, when incomplete combustion happens 
after engine starting, it has switched to the usual like [ 6 line ] cycle operation by which the pair of cycle 
operation to a compression stroke and expansion (combustion) distance of about four lines is repeated 
twice continuously, 

[0005] Furthermore, the cycle operation engine of the direct injection formula which equipped JP,5- 
240049,A with the air chamber which can be open for free passage to a combustion chamber as 3rd 
conventional example by the air chamber valve which can be opened and closed is indicated like 6 line, 
the 3rd conventional example - hke the 1st intake stroke, the 1st compression stroke, the 2nd intake 
stroke, the 2nd compression stroke, expansion (combustion) distance, and an exhaust air line firom — 
becoming like [ 6 line ] cycle operation is shown 

[0006] The 1st compression stroke of a cycle of about six lines is for storing in the air chamber equipped 
with the air chamber valve which can open and close this air compressed into an elevated temperature 
and high pressure temporarily. Combustion is promoted by replacing the air of a combustion chamber 
with the 2nd intake stroke, injecting and burning gas oil in the combustion chamber which became an 
elevated temperature and high pressure by the 2nd compression stroke, making the high-pressure air 
stored fi"om tiie air chamber into the expansion stroke blow off, and stirring a combustion chamber. 
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[0007] 

[Problem(s) to be Solved by the Invention] However, in the 1st conventional example, since [ usual ] 
about two lines was considered as cycle engine composition, there are no inhalation-of-air bulb and 
exhaust air bulb which control a gas exchange, the blow by of unbumt glow gas occurred, and mpg was 
getting worse. Moreover, since the gas exchange of about two lines is 1 time into the cycle, emission 
may get worse by eccrisis unbumt [ HC ]. Moreover, since an expansion stroke consisted of the need of 
performing a gas exchange like the expansion exhaust air line which exhausts in the second half and 
work was not able to be enough taken out from expansion of combustion gas, there was a trouble that 
heavy load operation was difficult. 

[0008] On the other hand, self-ignition combustion is strongly influenced of an air-fuel ratio. For 
example, when heavy load operation is considered and an air-fuel ratio is made deep, the fuel quantity 
which starts a combustion reaction increases, and combustion becomes intense and causes knocking. 
Therefore, in order to suppress knocking below on predetermined level, fuel quantity sendable in a 
cylinder is restricted. For this reason, the trouble [ number of times / of combustion ] that one usual 
operation according to the self-ignition combustion by the heavy load with a cycle engine about four 
lines was difficult was in two rotations. 

[0009] Moreover, although about four lines can be switched to a cycle about six lines from a cycle, since 
fuel injection is port injection, in the combustion cycle which is the 2nd time, new fuel is not sendable 
[ with the 2nd conventional technology ]. Therefore, the fuel of non-** will realize 2nd combustion only 
at the time of incomplete combustion generating. For this reason, there was a trouble that it was difficult 
to raise a load. 

[0010] moreover, with the 3rd conventional technology, since the piston downward distance in a cycle 
had tumed into the 1st and 2nd intake strokes and an expansion stroke, there was a trouble of about six 
Unes that it was difficult for the number of times of combustion to be able to become only 1 time of an 
expansion stroke, to be fully able to take out from combustion gas to work, and to raise a load 
[001 1] Furthermore, although a pressure and temperature needed to be raised and high compression 
ratio-ization was needed in the compression stroke in order to form compressed self-ignition 
combustion, when compatibility with the full-load-running field where an output is demanded was 
considered, there was the need of lowering a compression ratio to some extent for suppression of 
knocking. However, when a compression ratio was lowered, there was a trouble that the load range in 
which self-ignition combustion is materialized became narrow. 

[0012] this invention is what took the example by this trouble, and the purpose is offering the 
combustion control system of an internal combustion engine which can expand the operating range by 
compressed self-ignition combustion to a heavy load and low load side, avoiding knocking and 
combustion instability. Moreover, by lessening the number of times of a gas exchange to the number of 
times of combustion, the purpose of this invention improves mpg and emission and thermal efficiency is 
to offer a clean high intemal combustion engine. 
[0013] 

[Means for Solving the Problem] In order that invention according to claim 1 may solve the above- 
mentioned technical problem, it has in a cylinder the fuel direct injection equipment which injects direct 
fuel, and the good change valve gear which can change the opening-and-closing stage of an induction- 
exhaust valve. According to a service condition, it sets to the intemal combustion engine which can 
switch compressed self-ignition combustion and jump-spark-ignition combustion, like an intake stroke, 
a compression stroke, an expansion stroke, and an exhaust air line ~ from - with the 1st becoming like 
[ 4 line ] cycle operation Let the 2nd thing to which an inhalation-of-air compression stroke, an 
expansion stroke, a compression stroke, and an expansion exhaust air line perform two combustion of 
about four lines into a cycle in a shell and for which the switch of cycle operation of about four lines 
was enabled at the time of compressed self-ignition combustion be a summary. 

[0014] Invention according to claim 2 makes it a summary for the two aforementioned sum totals of the 
fiiel oil consumption for combustion to be [ of about four lines ] the fuel oil consumption according to 
target torque of the above 2nd in the combustion control system of an intemal combustion engine 



http://www4.ipdLjpo.go.jp/cgi-bin/tran_web_cgi_ejje 



11/24/2003 



Page 3 of 11 



according to claim 1 at the time of cycle operation in order to solve the above-mentioned technical 
problem. 

[0015] In order that invention according to claim 3 may solve the above-mentioned technical problem, 
in the combustion control system of an intemal combustion engine according to claim 1 or 2, the two 
aforementioned sum totals of the fuel oil consumption for combustion to the air content of the above 2nd 
inhaled in the cylinder by the end of the aforementioned inhalation-of-air compression stroke at the time 
of cycle operation make a summary the theoretical air fuel ratio and the bird clapper of about four Unes. 
[0016] In order that invention according to claim 4 may solve the above-mentioned technical problem, 
in the combustion control system of an intemal combustion engine according to claim 1 or 2, the two 
aforementioned sum totals of the fuel oil consumption for combustion to the air content of the above 2nd 
inhaled in the cylinder by the end of the aforementioned inhalation-of-air compression stroke at the time 
of cycle operation make a summary the stratification air-fuel ratio and bird clapper of about four lines. 
[0017] Invention according to claim 5 is set to the combustion control system of the intemal combustion 
engine of a claim 1 or a claim 4 given in any 1 term in order to solve the above-mentioned technical 
problem. When torque is further required rather than the amount fi-om which the two aforementioned 
sum totals of the fuel oil consumption for combustion to the air content of the above 2nd inhaled in the 
cylinder by the end of the aforementioned inhalation-of-air compression stroke at the time of cycle 
operation of about four lines serve as theoretical air fuel ratio. Let it be a summary to switch to the usual 
jump-spark-ignition combustion from compressed self-ignition combustion. 

[0018] In order that invention according to claim 6 may solve the above-mentioned technical problem, 
in the combustion control system of the intemal combustion engine of a claim 1 or a claim 5 given in 
any 1 term, it is further equipped with a supercharge means to supercharge inhalation of air, and the 
charge pressure control means which control the charge pressure of this supercharge means, and makes a 
simunary the thing of about four lines of the above 2nd for which the aforementioned charge pressure 
control means control charge pressure so that the air-fuel ratio in a cylinder txims into theoretical air fuel 
ratio at the time of cycle operation. 

[0019] In order that invention according to claim 7 may solve the above-mentioned technical problem, it 
has in a cylinder the fuel direct injection equipment which injects direct fuel, and the good change valve 
gear which can change the opening-and-closing stage of an induction-exhaust valve. In the intemal 
combustion engine which performs operation which has the distance of six or more lines per 1 cycle 
about, it is the combustion control system of the intemal combustion engine which makes it a summary 
to make opening and closing of the pumping bulb for performing a gas exchange into the 
aforementioned cycle into 1 time, and to set the nimiber of times of combustion to one half of the 
numbers of stroke per aforementioned cycle. 

[0020] Invention according to claim 8 makes a summary the thing of about six lines for which the sum 
total of the fuel oil consumption per [ to the air content in a cylinder after a gas exchange ] 1 cycle was 
made into theoretical air fuel ratio at the time of operation more than a cycle by compressed self-ignition 
combustion in the combustion control system of an intemal combustion engine according to claim 7 in 
order to solve the above-mentioned technical problem. 

[0021] Invention according to claim 9 makes a summary the thing of about six lines for which the sum 
total of the fuel oil consumption per [ to the air content in a cylinder after a gas exchange ] 1 cycle was 
made into the stratification air-fuel ratio at the time of operation more than a cycle by compressed self- 
ignition combustion in the combustion control system of an intemal combustion engine according to 
claim 7 in order to solve the above-mentioned technical problem. 
[0022] 

[Effect of the Invention] According to this invention according to claim 1, have in a cylinder the fuel 
direct injection equipment which injects direct fliel, and the good change valve gear which can change 
the opening-and-closing stage of an induction-exhaust valve, and it sets according to a service condition 
to the internal combustion engine which can switch compressed self-ignition combustion and jump- 
spark-ignition combustion, like an intake stroke, a compression stroke, an expansion stroke, and an 
exhaust air line - from - with the 1st becoming like [ 4 line ] cycle operation Since the switch of the 
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2nd like [ 4 line ] cycle operation to which an inhalation-of-air compression stroke, an expansion stroke, 
a compression stroke, and an expansion exhaust air line perform two combustion of about four lines into 
a cycle in a shell was enabled at the time of compressed self-ignition combustion As opposed to the 2nd 
like [ 4 line ] cycle engine usual [ about four lines ] in the field of cycle operation Since the number of 
times of combustion per engine rotation can be increased to double precision, it is attained more, 
compressed self-ignition operation, i.e., efficient and clean operation, in a heavy load region, and mpg 
and emission can be improved. Moreover, since the usual number of times [ as opposed to / as opposed 
to / a cycle engine / about two lines ] the number of times of combustion / of a gas exchange can be 
reduced to one half, mpg and emission are improvable. 

[0023] according to this invention according to claim 2 an effect of the invention according to claim 1 
— in addition, at the time of cycle operation, since the sum total of the fuel oil consumption for 
combustion of the two aforementioned time considered as the fuel oil consumption according to target 
torque of the above 2nd, it can obtain the output torque as target torque, and can offer the good internal 
combustion engine of operability of about four lines 

[0024] According to this invention according to claim 3, it adds to an effect of the invention according 
to claim 1 or 2. Since it was made for the two aforementioned sum totals of the fuel oil consumption for 
combustion to the air content of the above 2nd inhaled in the cylinder by the end of the aforementioned 
inhalation-of-air compression stroke at the time of cycle operation of about four lines to serve as 
theoretical air fuel ratio Efficient operation is attained, while the air-fuel ratio of the gas discharged from 
an intemal combustion engine also always tums into theoretical air fiiel ratio, making the three way 
component catalyst which purifies exhaust air act efficiently and defecating exhaust air extremely. 
[0025] according to this invention according to claim 4 - an effect of the invention according to claim 1 
or 2 ~ in addition, since it was made for the sum total of the fuel oil consumption for combustion of the 
two aforementioned time to the air content of the above 2nd inhaled in the cylinder by the end of the 
aforementioned inhalation-of-air compression stroke at the time of cycle operation of about four lines to 
serve as a stratification air-fuel ratio, mpg is further improvable 

[0026] According to this invention according to claim 5, in addition to the effect of the invention of a 
claim 1 or a claim 4 given in any 1 term, it sets to the combustion control system of an intemal 
combustion engine. When torque is further required rather than the amount from which the two 
aforementioned sum totals of the fuel oil consumption for combustion to the air content of the above 2nd 
inhaled in the cylinder by the end of the aforementioned inhalation-of-air compression stroke at the time 
of cycle operation of about four lines serve as theoretical air fuel ratio. By switching to the usual jump- 
spark-ignition combustion from compressed self-ignition combustion, the combustion gas discharged 
from an internal combustion engine becomes more rich than SUTOIKI, and it can prevent emission 
getting worse without the ability using a three way component catalyst effectively. 
[0027] According to this invention according to claim 6, to the effect of the invention of a claim 1 or a 
claim 5 given in any 1 term In addition, a supercharge means to supercharge inhalation of air, Since the 
aforementioned charge pressure control means controlled charge pressure so that it had further the 
charge pressure control means which control the charge pressure of this supercharge means and the air- 
fuel ratio in a cylinder turned into theoretical air fuel ratio at the time of 4 distance cycle operation of the 
above 2nd It is attained more, compressed self-ignition operation, i.e., efficient and clean operation, in a 
heavy load region, and mpg and emission can be improved. Moreover, efficient operation is attained, 
without being able to utilize now the very high three way component catalyst of the rate of purification 
of emission, and getting worse emission, since the air- fuel ratio of the gas discharged from an intemal 
combustion engine always tums into theoretical air fuel ratio. 

[0028] In the intemal combustion engine which performs operation which according to this invention 
according to claim 7 is equipped with the fuel direct injection equipment which injects direct fuel, and 
the good change valve gear which can change the opening-and-closing stage of an induction-exhaust 
valve in a cylinder, and has the distance of six or more lines per 1 cycle about By making opening and 
closing of the pumping bulb for performing a gas exchange into 1 time, and setting the number of times 
of combustion to one half of the numbers of stroke per aforementioned cycle into the aforementioned 
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cycle Since the number of times of combustion per internal combustion engine rotation can be increased 
to double precision to the usual four-cycle internal combustion engine, it is attained more, compressed 
self-ignition operation, i.e., efficient and clean operation, in a heavy load region, and mpg and emission 
can be improved. Moreover, since the number of times of a gas exchange per cycle is 1 time, it can 
improve sharply the emission discharged from an internal combustion engine. 

[0029] According to this invention according to claim 8, it adds to an effect of the invention according 
to claim 7. About six lines by compressed self-ignition combustion by having made the sum total of the 
fuel oil consumption per [ to the air content in a cylinder after a gas exchange ] 1 cycle into theoretical 
air fuel ratio at the time of operation more than a cycle Efficient operation of the air-fuel ratio of the gas 
discharged by gas exchange process from an internal combustion engine is attained without being able 
to utilize now the very high three way component catalyst of the rate of purification of emission, and 
getting worse emission, since it always becomes theoretical air fuel ratio. 

[0030] according to this invention according to claim 9 ~ an effect of the invention according to claim 7 
- in addition, mpg is further improvable by having made the sum total of the fuel oil consumption per 
[ to the air content in a cylinder after a gas exchange ] 1 cycle into the stratification air-fuel ratio by 
compressed self-ignition combustion at the time of operation more than 6 distance cycle 
[0031] 

[Embodiments of the Invention] Hereafter, the gestah of operation of this invention is explamed based 
on a drawing. Drawing 1 is the system configuration view which applied the combustion control system 
of the intemal combustion engine concerning this invention to the gasoline engine and in which showing 
the 1st composition of the gestalt of operation. 

[0032] In this operation gestalt, compressed self-ignition combustion and jump-spark-ignition 
combustion can be switched according to a service condition, further - compressed self-ignition 
combustion ~ setting - like an intake stroke, a compression stroke, an expansion stroke, and an exhaust 
air line - from - like the 1st becoming like [ 4 line ] cycle operation (usual like [ 4 line ] cycle), an 
inhalation-of-air compression stroke and an expansion stroke, compression stroke, and expansion 
exhaust air line - from - the 2nd thing which becomes and performs two combustion of about four lines 
into a cycle and for which the switch of cycle operation is enabled in about four lines is the feature 
[0033] The engine 10 in drawing is equipped with the inhalation-of-air bulb 1 1, the exhaust air bulb 12, 
a piston 13, the crank angle sensor 15, a fUel injection equipment 17, an ignition plug 18, and the 
adjustable valve timing mechanism 19, and is constituted. The inhalation-of-air system has the 
inhalation-of-air air-content sensor 14. 

[0034] The electronic control (it abbreviates to ECU hereafter) 1 which controls this engine 10 While 
controlling the combustion pattern judging section 2 which judges whether it operates according to a 
service condition by which combustion system of compressed self-ignition combustion and jump-spark- 
ignition combustion, the jump-spark-ignition combustion-control section 3 at the time of jump-spark- 
ignition combustion operation which carries out combustion parameter control, and the combustion- 
control parameter at the time of compressed self-ignition combustion operation Compressed self- 
ignition combustion operation so that it may become [ 1st / 2nd / whether about four lines is performed 
by cycle operation or about four lines is performed by cycle operation, and ] the 1st or 2nd Hke [ 4 line ] 
cycle operation according to the judgment of the self-ignition combustion-control section 4 to judge and 
the self-ignition combustion-control section 4 The opening-and-closing stage of an induction-exhaust 
valve is changed, or it has the cycle change control section 5 which changes fuel oil consumption and 
fuel-injection timing. 

[0035] In addition, although the component of ECUl, the combustion pattem judging section 2, the 
jump-spark-ignition combustion-control section 3, the self-ignition combustion-control section 4, and 
the cycle change control section 5 can also be constituted from a hard-wired logical circuit, they are 
realized as a program of a microcomputer with the gestalt of this operation. 

[0036] Moreover, based on the inhalation air-content signal which the inhalation air-content sensor 14 
detected, the engine speed signal which the crank angle sensor 15 detected, and the accelerator opening 
signal (load) which the accelerator opening sensor (not shown) detected, ECUl judges a service 
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condition and computes fuel oil consumption and ignition timing. And based on this calculation result, a 
signal is sent to a ftiel injection equipment 17 and an ignition plug 18. 

[0037] Moreover, in compressed self-ignition combustion, according to a service condition, a cycle, in 
case [ of the 2nd ] it switches the cycle of about four lines and the number of times of combustion per 
cycle is changed, while sending a signal to the adjustable valve timing mechanism 19 and switching the 
bulb opening-and-closing timing of about four lines, the number of times of combustion is changed 1st 
by changing the number of times of fuel injection per cycle from a fuel injection equipment 17. 
[0038] In the basis of such composition, and this invention, while being shown in drawing 2 , 
compressed self-ignition combustion is performed in the specific service condition below a low load and 
an inside rotational frequency, and jump-spark-ignition combustion is performed in a heavy load or a 
high rotational frequency region. 

[0039] Next, operation of the gestalt of this operation is explained. Drawing 3 shows the range in which 
the self-ignition combustion to an air-fuel ratio is materialized. If the air-fuel ratio is made into RIN, 
combustion stability will get worse and an engine's torque change will become large. For this reason, the 
air-fuel ratio AFL from which stability permissible as the design value as an intemal combustion engine 
or character of vehicles in which this intemal combustion engine was carried serves as the stability 
threshold value Sth serves as a RIN limitation. 

[0040] On the other hand, if the air- fuel ratio is made rich, knocking intensity will increase. Thereby, the 
air- fuel ratio AFR in the knocking limitation Nth serves as a rich limitation. Therefore, the air-fuel ratio 
field surrounded with the stability marginal air-fuel ratio AFL and the knocking marginal air-fuel ratio 
AFR serves as a self-ignition combustion formation range. Thus, self-ignition is materialized only in the 
limited air-fuel ratio range. In addition, air- fuel ratio A/F was explained to the example as an index 
which expresses the rate of gas and fuel here. The same inclination is shown also about the case where 
residual gas or EGR gas is contained, and a horizontal axis serves as the total capacity and rate G/F of 
fuel which doubled the burnt gas with new mind in this case. 

[0041] The cycle of the usual four stroke cycle engine is shown in drawing 4 like 4 line. This is the same 
as the 1st [ in this invention ] cycle like 4 line, and the number of times of combustion is 1 time to 
engine 2 rotation in a shell as an intake stroke, a compression stroke, an expansion stroke, and an 
exhaust air line. 

[0042] The usual self-ignition combustion operating range [ in / cycle operation / about four lines ] is 
shown in drawing 5 . As mentioned above, in order to prevent generating of knocking in compressed 
self-ignition combustion, fuel quantity sendable in a cylinder is restricted. Therefore, to engine 2 
rotation, by about four lines, with a cycle engine, since there are few 1 time of opportunities which can 
take out work, the number of times of combustion cannot increase a load. For this reason, operation by 
self-ignition combustion in a heavy load region is difficult. 

[0043] The cycle of a two-cycle engine is shown in drawing 6 like 2 line. The cycle of the nimiber of 
times of combustion is [ the inhalation-of-air compression stroke and expansion exhaust air line of about 
two lines ] 1 time to engine 1 rotation in a shell. As shown in drawing, an exhaust valve opens from the 
middle of an expansion stroke, and a gas exchange is started. For this reason, work cannot fully be taken 
out in an expansion stroke. Moreover, since non-bumed fuel is discharged, efficiency falls. Therefore, a 
load cannot fully be raised. 

[0044] The self-ignition combustion operating range at the time of performing cycle operation of about 
two lines to drawing 7 is shown. A load cannot be made into double precision, although a load can be 
improved rather than cycle operation by about four lines and the number of times of combustion is 
double precision, as shown in drawing. 

[0045] The 2nd [ in the gestalt of this operation to drawing 8 ] cycle is shown like 4 line, the 2nd like [ 4 
line ] cycle - like an inhalation-of-air compression stroke, an expansion stroke, a compression stroke, 
and an expansion exhaust air line — from — since 1st combustion is performed by the 1st fuel injection 
and the expansion stroke and 2nd combustion is performed like the 2nd fuel injection and an expansion 
exhaust air line by the compression stroke after inlet-valve valve closing [ in / an inhalation-of-air 
compression stroke / it becomes and ], the number of times of combustion per cycle becomes 2 times In 
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other words, the number of times of combustion is 1 time per engine 1 rotation, and is as the same as a 
cycle engine as two lines. Moreover, to engine 2 rotation, a gas exchange is 1 time and is the same as the 
cycle engine of drawing 4 like 4 line. 

[0046] The component rate in the cylinder in 2nd [ of the gestalt of this operation ] 4 distance cycle is 
typically shown in drawing 9 . As mentioned above, compressed self-ignition combustion can bum also 
in a state [ very RIN / air-fuel ratio ]. Therefore, there is very little fuel quantity in an inhalation-of-air 
compression stroke to an air content. Moreover, in the expansion stroke which the 1st combustion 
ended, although a bumt gas exists, air remains [ the air-fiiel ratio ] enough extremely for RIN. Therefore, 
the 2nd combustion is attained by supplying fuel by the 2nd fuel injection in a consecutive compression 
stroke, even if it does not carry out a gas exchange. After the 2nd combustion is completed depending 
a service condition, air may exist. 

[0047] Drawing 10 is drawing showing the 1st and 2nd valve timing (valve lift) in cycle operation of 
about four lines, and indicates the 2nd like [ 4 line ] cycle operation of the two number of times per (b) 
cycle of combustion to be the 1st like [ 4 line ] cycle operation of the one number of times per (a) cycle 
of combustion, respectively. Thus, by switching a cam for the cam from which a cam profile differs 
according to 2 type ****** and an adjustable valve timing mechanism, pumping timing is changed, the 
1st like [ 4 line ] cycle operation and the 2nd like [ 4 line ] cycle operation can be switched, and the 
number of times of combustion per cycle can be changed, in addition, change of valve timing — 
electromagnetism — you may use a drive bulb (Electromagnetic Valve) etc. 

[0048] The 1st like [ 4 line ] cycle operation whose number of times of combustion is 1 time, and the 
number of times of combustion show the self-ignition range of inflammability at the time of 2nd two 4 
distance cycle operation to drawing 1 1 . During two combustion per cycle, by the 2nd expansion stroke 
both which is the 1st combustion, since an induction-exhaust valve closes and a gas exchange is not 
performed, by cycle operation, work of about four lines can fully be taken out. 

[0049] Moreover, like the expansion exhaust air line which is the 2nd combustion, since the temperature 
in a cylinder and the pressure are improving by the internal EGR by the bumt gas generated by the 1st 
combustion, combustion makes it efficient. Moreover, while being able to bum again the unbumt fuel 
discharged by the 1st combustion in the elevated temperature and the high-pressure cylinder, in the 2nd 
combustion, generating of unbumt fuel decreases extremely. The 2nd combustion can also improve 
efficiency rather than the time of cycle operation by about two lines for the above reason. Consequently, 
in the 2nd like [ 4 line ] cycle operation, it can increase to the abbreviation double precision of like [ 4 
line ] cycle operation of a load 1st, and self-ignition range of inflammability can be expanded to a heavy 
load side. 

[0050] Drawing 12 is a flow chart which shows the control flow of the gestalt of this operation. An 
accelerator opening signal and a crank angle sensor signal are first detected at Step 10 (henceforth, SIO). 
Subsequently, demand engine-speed N and the demand torque T are computed based on the above- 
mentioned detection result by SI 1. Subsequently, the combustion pattem of whether jump-spark- 
ignition combustion is performed by S 12 or to perform compressed self-ignition combustion is judged. 
[005 1] That is, it judges whether from engine-speed N and a load T, a operating-range map as shown in 
drawing 1 1 is searched, and jump-spark-ignition combustion operation is performed, or compressed self- 
ignition combustion operation is performed. In performing jump-spark-ignition operation, it progresses 
to SI 3, and control of jump-spark-ignition operation is started. 

[0052] In performing self-ignition operation, it progresses to S14 and starts a self-ignition combustion 
control. Subsequently, engine-speed N and a load T are again checked by SI 5. Subsequently, the 
number of times of combustion is judged by SI 6. That is, based on the map of drawing 1 1 , it judges 
[ 1st / 2nd ] whether cycle operation of about four lines is performed, or cycle operation of about four 
lines is performed from engine-speed N and a load T. In other words, the number of times of combustion 
per cycle of about four lines is judged. When [ 1st ] the number of times of combustion per cycle, i.e., a 
cycle, of about four lines is 1 time, it changes into the valve timing shown in drawing 10 (a) by SI 7, and 
control of like [ 4 line ] cycle operation to the 1st ( drawing 4 ) is started by SI 8. 
[0053] When the number of times of combustion per cycle is judged to be 2 times by SI 6, it changes 
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into the valve timing shown in drawing 10 (b) by S19 similarly, and control of like [ 4 line ] cycle 
operation to the 2nd ( drawing 8 ) is started by S20. 

[0054] Next, the gestalt of operation of the 2nd of this invention is explained. The 2nd composition of 
the gestah of operation is shown in drawing 13 . Although the 2nd composition of the gestah of 
operation is the same as that of drawing 1 which shows the composition of the gestalt of the 1st 
operation almost, the places where the throttle control section 6 is added to the throttle valve 21 and 
exhaust air system which control an air content in an inhalation-of-air system by the three way 
component catalyst 20 for exhaust air gas cleanups and ECUl, respectively differ to the gestalt of the 1st 
operation. 

[0055] With the 2nd operation gestalt, while carrying out, the two sum totals of the fuel oil consumption 
for combustion to the 2nd air content for which an outUne etc. spreads about four lines of each fuel oil 
consumption for two combustion per cycle at the time of cycle operation and which was inhaled in the 
cylinder after the gas exchange are characterized by theoretical air fuel ratio (SUTOIKI) and the bird 
clapper. Moreover, it is characterized by forbidding self-ignition operation, when the air-fuel ratio 
calculated from demand torque becomes more rich than theoretical air fuel ratio, and performing jump- 
spark-ignition operation. 

[0056] Drawing 14 shows the component rate in the cylinder in 2nd 4 distance cycle in the gestalt of the 
2nd operation. With the gestalt ( drawing 9 ) of the 1st operation, air exists in the cylinder before the 
time of the 2nd combustion being completed, i.e., a gas exchange, and the inside of a cylinder has 
always become RIN. On the other hand, with the gestah of the 2nd operation, when the 2nd combustion 
is completed, surplus air does not exist in a cylinder, but the inside of a cylinder has become theoretical 
air fuel ratio. Therefore, since the three way component catalyst 20 installed in the exhaust air system is 
efficient and works, the emission discharged from an engine can be reduced. 

[0057] Moreover, as shown in drawing 14 , with the gestalt of the 2nd operation, fuel quantity of the 1st 
combustion and the 2nd combustion is considered as outline regularity. Therefore, since the torque 
acquired by the 1st combustion and the 2nd combustion becomes equal, a **** performance is 
further and it can raise operability more. 

[0058] With the form of the 2nd operation, the rate of the fuel gas in a cylinder serves as outline 
regularity. If the air- fuel ratio of theoretical air fuel ratio is set to 14.5, the air-fuel ratio at the time of the 
1st combustion will be set to 29. In the 2nd continuing combustion, since fuel quantity is fixed, although 
it is set to 29, the rate, i.e., G/F, of gas and fuel, it is set to 14.5, the ratio, i.e., A/F, to an air content. 
Thus, with the form of the 2nd operation, since the fuel quantity to capacity is fixed, control of a load is 
performed by controlling an air content by the throttle valve 21. In addition, as for an air-fiiel ratio, at 
the time of compressed self-ignition operation, there are many air contents because of RIN, and there are 
few pumping losses generated by the throttle valve. 

[0059] Drawing 15 is a flow chart which shows the control flow of the gestalt of the 2nd operation. 
Although the control flow of the gestalt of the 2nd operation is the same as that of the gestalt ( drawing 
12 ) of the 1st operation almost, after the number of times of combustion per cycle is judged to be 2 
times by SI 6, the control after changing into the 2nd valve timing which was suitable for the cycle about 
four lines by S19 differs. 

[0060] That is, demand engine-speed N and a load T are checked by S30 following SI 9. Subsequently, 
asks for the throttle opening TVO from the map of drawing 16 based on the demand load T by S3 1, a 
control signal is sent to a throttle 21 from the throttle control section 6, and a throttle 21 is set to the 
throttle opening TVO for which it asked on the map. 

[0061] Subsequently, the inhalation air content Q is detected by S32. Subsequently, fuel quantity F is 
computed from the map of drawing 17 based on engine-speed N and the inhalation air content Q by S33. 
Thus, while making the 2nd air-fiiel ratio [ m / a cycle / about four lines ] per each 4 distance cycle into 
theoretical air fuel ratio by controlling, in each combustion cycle, the ratio of gas and fuel can control to 
about 29. That is, while realizing desired torque, it becomes possible to make it bum in a RIN air-fuel 
ratio. 

[0062] Next, the gestalt of operation of the 3rd of this invention is explained. The 3rd composition of the 
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gestalt of operation is shown in drawing 18 . Although the 3rd composition of the gestah of operation is 
the same as the composition ( drawing 13 ) of the gestalt of the 2nd operation almost, the places where a 
supercharger 22 is added to an inhalation-of-air system to the gestalt of the 2nd operation at, and the 
charge pressure control section 7 is added to ECUl differ. 

[0063] The gestalt of the 3rd operation is characterized by the place which is controlled also about 
charge pressure P in addition to the throttle opening TVO to the demand load T. That is, the demand 
load T is large, when a throttle is opened fully, air contents run short, when the two sum totals of the 
oil consumption for combustion to the inhalation air content in a cylinder per cycle become more rich 
than theoretical air fuel ratio, charge pressure P is made to increase, and an air-fuel ratio is controlled to 
theoretical air fuel ratio by increasing an air content. Moreover, when charge pressure P is made to 
increase, the efficiency of the gas exchange of a burnt gas and new mind improves. For this reason, the 
residual gas which remains in a cylinder decreases, since the rate of new mind of entering in a cylinder 
also increases, fiiel quantity can be made to be able to increase further and a self-ignition combustion 
zone can be made to expand also to a bigger demand load. 

[0064] The self-ignition formation range at the time of increasing charge pressure P to drawing 19 is 
shown. A self-ignition operating range is further expandable to a heavy load side from the 2nd operation 
gestalt by performing charge pressure control to throttle opening (TVO) control. 
[0065] Drawing 20 is a flow chart which shows the control flow of the gestalt of the 3rd operation. 
Although the control flow of the gestalt of the 3rd operation is the same as that of drawing 15 which 
shows the gestalt of the 2nd operation almost, operation after valve timing change of S19 differs. 
[0066] That is, in drawing 20 , demand engine-speed N and the demand load T are checked by S50 
following SI 9. Engine-speed N, the field which performs throttle opening TVO control from the map of 
drawing 19 based on a load T, and the field which performs charge pressure P control is judged by S5 1 . 
When performing charge pressure P control, charge pressure control is performed based on the demand 
load T by S52. This is performed using the map of the charge pressure P to the demand load T prepared 
for each [ as shown in drawing 21 ] the engine rotation of every. Although a demand load is [ constant 
value ] constant value with small charge pressure, or 0 so that clearly firom drawing 21 , if the demand 
load T exceeds constant value, in proportion to the increment of a demand load, the increment of 
required charge pressure will become large. 

[0067] When judged as throttle opening TVO control by S51, based on the demand load T, the throttle 
opening TVO is controlled by S53. Subsequently, the inhalation air content Q is detected by S54, and 
fUel oil consumption F is computed from engine-speed N and the inhalation air content Q by S55. 
[0068] Thus, by controUing the throttle opening TVO and charge pressure P, a self-ignition operating 
range is further expandable to a heavy load side. 

[0069] Next, the gestalt of operation of the 4th of this invention is explained. The 4th composition of the 
gestalt of operation is the same as the composition of the gestalt of the 1st operation shown in drawing 
1. 

[0070] It is characterized by for the gestalt of the 4th operation being able to switch the usual jump- 
spark-ignition combustion according to a cycle about four lines, the usual compressed self-ignition 
combustion according to a cycle about four lines, and compressed self-ignition combustion according to 
a cycle about six lines according to operational status, making the gas exchange of about six lines into 1 
time into a cycle, and the number of times of combustion considering as 3 times. 
[0071] The cycle in the gestalt of the 4th operation is shown in drawing 22 like 6 line, this like [ 6 line ] 
cycle ~ like an inhalation-of-air compression stroke -> expansion-stroke -> compression stroke -> 
expansion-stroke -> compression stroke -> expansion exhaust air line — from - it becomes And the gas 
exchange in a cycle of about six lines is 1 time. Moreover, the number of times of combustion is 1/2 of 
the number of stroke which becomes a total of 3 times of 2 times of expansion strokes, and 1 time of an 
exhaust air expansion stroke into a cycle about six lines, namely, constitutes a cycle. 
[0072] The valve timing (valve lift) of the gestalt of the 4th operation is shown in drawing 23 (b). Even 
if the number of times of combustion shown in this drawing (a) compares with the gestah of the 1st 
operation which is 2 times, it tums out that there is little number of times of a gas exchange to the 
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number of times of combustion. Thus, the combustion cycle of about six Unes of about four lines can be 
changed into a cycle from a cycle changing the cam from which a cam profile differs, or by changing the 
reduction gear ratio from a crankshaft rotational frequency to a cam shaft rotational frequency, 
moreover, change of valve timing - electromagnetism - you may use a drive bulb etc. 
[0073] Moreover, with the gestah of this operation, to the three number of times of combustion, since 1 
time and the number of times have few gas exchanges, eccrisis of a unbumt gas can be reduced. 
Moreover, since combustion continues 3 times following one gas exchange, in the combustion which is 
the 2nd time and the 3rd time, the pressure in a cylinder and temperature are rising by the burnt gas. For 
this reason, since fuel becomes easy to bum, the unbumt gas which occurs in combustion process can be 
reduced. A unbumt gas can be reduced according to these two effects. 

[0074] The component rate in a cylinder of the gestalt of the 4th operation is typically shown in drawing 

24 . In self-ignition combustion, since fiiel can make it bum in a few RIN state, even if the number of 
times of combustion continues 3 times, air exists enough. 

[0075] Although the control flow of the gestalt of the 4th operation is the same as that of the gestalt of 
the 1st operation shown in drawing 12 almost While the number-of- times judgment of combustion of 
S16 is changed into what judges 1 time or 3 times When judged as 3 times, it changes to the 2nd like [ 4 
Hne ] cycle control start by moving to SI 9, and S20, and only a cycle control start, the bird clapper and 
the cam to be used, or the control timing of an electro-magnetic valve of about six lines is different. 
[0076] In addition, although the gestalt of this operation explained the cycle of about six lines to the 
example, the same thing can be considered when the number of processes per cycle is eight or more 
Unes about, in this case, before [ like an expansion exhaust air line ] — fiirther — expansion (combustion) 
distance and a compression stroke - multiple times - it will be repeated 

[0077] Next, the gestalt of operation of the 5th of this invention is explained. The 5th composition of the 
gestalt of operation is the same as the composition of the gestalt of the 2nd operation shown in drawing 

13 . 

[0078] With the gestalt of the 5th operation, to the gestalt of the 4th operation, an outline etc. spreads the 
fiiel quantity of each combustion in combustion of the multiple times corresponding to one gas 
exchange, and it is characterized by making the sum total of the fuel quantity for combustion of the 
multiple times to the amount of inhalation of air after a gas exchange into theoretical air fiiel ratio 
fiirther. 

[0079] The component rate in a cylinder of the gestalt of the 5th operation is typically shown in drawing 

25 . With the gestalt of the 5th operation, the fuel quantity of three combustion is equal and the total 
value of the fiiel quantity for combustion of three batches to the air content inhaled in the cylinder by the 
inhalation-of-air compression stroke of drawing 25 (a) serves as theoretical air fuel ratio. If this puts in 
another way, the air-fiiel ratio at the time of the 3rd combustion in the compression stroke of drawing 25 
(e) is theoretical air fiiel ratio. Therefore, excessive air does not exist at the time of the gas exchange 
depended like the expansion exhaust air line of drawing 25 (f), but all become a bumt gas. 

[0080] If theoretical air fiiel ratio is set to 14.5, in the 1st combustion, the rate (G/F) of gas and fiael is 
about 43.5. At this time, it is also an air-fiiel ratio (A/F) 43.5 [ about ]. In the 2nd combustion, G/F is 
about 43.5 and A/F is set to about 29. In the 3rd combustion, G/F is about 43.5, and A/F is about 14.5. 
[0081] Thus, the torque acquired from each combustion by each combustion since G/F is fixed becomes 
fixed, and it can prevent spoiling operability. Moreover, since the three way component catalyst 
installed in the exhaust air system since the air- fuel ratio at the time of the combustion before a gas 
exchange was theoretical air fuel ratio is efficient and works, the emission discharged from an engine 
can be reduced. 

[0082] Although the control flow of the gestalt of the 5th operation is the same as that of the gestalt of 
the 2nd operation shown in drawing 15 almost, while the number-of-times judgment of combustion of 
SI 6 was changed into what judges 1 time or 3 times, when it is judged as 3 times, moving to SI 9 and 
the cam to be used differ only from the control timing of an electro-magnetic valve. 
[0083] In addition, although the gestalt of this operation explained the cycle of about six lines to the 
example, the same thing can be considered when the number of stroke of about eight lines per cycle is 
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more than a number, in this case, before [ like an expansion exhaust air line ] ~ further ~ an expansion 
stroke and a compression stroke ~ multiple times - it will be repeated Moreover, if it puts in another 
way so that the sum total of the fuel quantity for combustion of the multiple times to the amount of 
inhalation of air after a gas exchange may serve as theoretical air fuel ratio in that case, the air-fuel ratio 
before a gas exchange will control fuel quantity to become theoretical air fuel ratio. 
[0084] furthermore, the intemal combustion engine with which the service conditions for a generator 
drive etc. are limited to the comparatively narrow range - setting ~ the usual like [ 4 line ] cycle 
operation - not carrying out - the [ the 4th and ] - it can be made to be able to work only by operation 
of the cycle of 5 operation gestalten which has the cycle or six or more numbers of stroke of about six 
lines, and curtaihnent of specific fiiel consmnption and purification of exhaust air can be realized by the 
high level 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram of the 1st operation gestalt of the combustion control system of the 
intemal combustion engine concerning this invention. 

[Drawing 2] It is drawing explaining the combustion pattem to a service condition. 

[Drawing 3] It is drawing explaining the self-ignition combustion formation range. 

[Drawing 4] It is the 1st drawing explaining the cycle (like [ 4 Hne ] cycle of the one number of times of 

combustion) of about four lines. 

[Drawing 5] It is the 1st drawing explaining the self-ignition combustion formation range of a cycle of 
about four lines. 

[Drawing 6] It is drawing explaining the cycle of about two lines. 

[Drawing 7] It is drawing explaining the self-ignition combustion formation range of a cycle of about 

two lines. 

[Drawing 8] It is the 2nd drawing explaining the cycle (like [ 4 line ] cycle of the two number of times 
of combustion) of about four lines. 

[Drawing 9] It is the 2nd drawing explaining the component rate in a cylinder of a cycle of about four 
hnes. 

[Drawing 10] It is drawing explaining valve timing. 

[Drawing 11] It is the 2nd drawing explaining the self-ignition combustion formation range of a cycle of 
about four lines. 

[Drawing 12] It is a flow chart explaining operation of the gestalt of the 1st operation. 

[Drawing 13] It is the block diagram of the gestalt of the 2nd operation. 

[Drawing 14] It is drawing explaining the component rate in a cylinder of the gestalt of the 2nd 

operation. 

[Drawing 15] It is a flow chart explaining operation of the gestalt of the 2nd operation. 
[DraMdng 16] It is drawing explaining the throttle opening TVO to the demand load T. 
[Drawing 17] It is drawing explaining the fuel oil consumption F to amount Q/N of inhalation of air per 

rotation. 

[Drawing 18] It is the block diagram of the gestalt of the 3rd operation. 

[Drawing 19] It is drawing explaining the self-ignition combustion formation range of the gestalt of the 

3rd operation. 

[Drawing 20] It is a flow chart explaining operation of the gestalt of the 3rd operation. 

[Drawing 21] It is drawing explaining the charge pressure to a demand load. 

[Drawing 22] It is drawing explaining the cycle of about six lines of the gestalt of the 4th operation. 

[Drawing 23] It is drawing explaining the valve timing of the gestalt of the 4th operation. 

[ Drawing 24 </A>] It is drawing explaining the component rate in a cylinder of the gestalt of the 4th 

o peration. 

[Drawing 25] It is drawing explaining the component rate in a cylinder of the gestaU of the 5th 
operation. 
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[Description of Notations] 

lECU 

2 Combustion Pattern Judging Section 

3 Jump-Spark-Ignition Combustion-Control Section 

4 Self-ignition Combustion-Control Section 

5 Cycle Change Control Section 

10 Engine 

1 1 Inhalation-of-Air Bulb 

12 Exhaust Air Bulb 

13 Piston 

14 Inhalation Air-Content Sensor 

15 Crank Angle Sensor 

17 Fuel Injection Equipment 

18 Ignition Plug 

19 Adjustable Valve Timing Mechanism 

20 Three Way Component Catalyst 

21 Throttle Valve 

22 Supercharger 



[Translation done.] 
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CLAIMS 



[Claim(s)] 

[Claim I] Have in a cylinder the fuel direct injection equipment which injects direct fiiel, and the good 
change valve gear which can change the opening-and-closing stage of an induction-exhaust valve, and it 
sets according to a service condition to the internal combustion engine which can switch compressed 
self-ignition combustion and jump-spark-ignition combustion, like an intake stroke, a compression 
stroke, an expansion stroke, and an exhaust air line — from ~ with the 1st becoming like [ 4 line ] cycle 
operation An inhalation-of-air compression stroke, an expansion stroke, a compression stroke, and the 
combustion control system of the intemal combustion engine characterized by the 2nd thing to which an 
expansion exhaust air line performs two combustion of about four lines into a cycle in a shell, and for 
which the switch of cycle operation of about four lines was enabled at the time of compressed self- 
ignition combustion, 

[Claim 2] It is the combustion control system of the intemal combustion engine according to claim 1 
characterized by the two aforementioned sum totals of the fuel oil consumption for combustion being 
[ of about four lines ] the fuel oil consumption according to target torque of the above 2nd at the time of 
cycle operation. 

[Claim 3] The combustion control system of the intemal combustion engine according to claim 1 or 2 
with which the two aforementioned sum totals of the fuel oil consumption for combustion to the air 
content of the above 2nd inhaled in the cylinder by the end of the aforementioned inhalation-of-air 
compression stroke at the time of cycle operation are characterized by the theoretical air fiiel ratio and 
the bird clapper of about four lines. 

[Claim 4] The combustion control system of the intemal combustion engine according to claim 1 or 2 
with which the two aforementioned sum totals of the fuel oil consimiption for combustion to the air 
content of the above 2nd inhaled in the cylinder by the end of the aforementioned inhalation-of-air 
compression stroke at the time of cycle operation are characterized by the stratification air-fixel ratio and 
bird clapper of about four lines. 

[Claim 5] The combustion control system of the intemal combustion engine of the claim 1 characterized 
by switching to the usual jump-spark-ignition combustion from compressed self-ignition combustion 
when torque is further required rather than the amount from which the two aforementioned sum totals of 
the fuel oil consumption for combustion to the air content of the above 2nd inhaled in the cylinder by the 
end of the aforementioned inhalation-of-air compression stroke at the time of cycle operation of about 
four lines serve as theoretical air fuel ratio, or a claim 4 given in any 1 term. 
[Claim 6] The combustion control system of the intemal combustion engine of the claim 1 which is 
further equipped with a supercharge means to supercharge inhalation of air, and the charge pressure 
control means which control the charge pressure of this supercharge means, and is characterized by the 
thing of about four lines of the above 2nd for which the aforementioned charge pressure control means 
control charge pressure so that the air-fuel ratio in a cylinder turns into theoretical air fuel ratio at the 
time of cycle operation, or a claim 5 given in any 1 term. 

[Claim 7] The combustion control system of the intemal combustion engine characterized by to have in 
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a cylinder the fuel direct-injection equipment which injects direct fuel, and the good change valve gear 
which can change the opening-and-closing stage of an induction-exhaust valve, to make opening and 
closing of the pumping bulb for performing a gas exchange into the aforementioned cycle into 1 time in 
the intemal combustion engine which performs operation which has the distance of six or more lines per 
1 cycle about, and to set the number of times of combustion to one half of the numbers of stroke per 
aforementioned cycle. 

[Claim 8] The combustion control system of the intemal combustion engine according to claim 7 
characterized by the thing of about six lines for which the sum total of the fuel oil consumption per [ to 
the air content in a cylinder after a gas exchange ] 1 cycle was made into theoretical air fuel ratio at the 
time of operation more than a cycle by compressed self-ignition combustion. 
[Claim 9] The combustion control system of the intemal combustion engine according to claim 7 
characterized by the thing of about six lines for which the simi total of the fuel oil consumption per [ to 
the air content in a cylinder after a gas exchange ] 1 cycle was made into the stratification air-fiiel ratio 
at the time of operation more than a cycle by compressed self-ignition combustion. 



[Translation done.] 
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DRAWINGS 



[Drawing 1] 
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[Drawing 4] 
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[Drawing 10] 
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[Drawing 12] 
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[Drawing 13] 
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[Drawing 14] 
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[Drawing 15] 
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[Drawing 16] 
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[Drawing 18] 
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[Drawing 20] 
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[Drawing 24] 
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